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A B S T R A C T
The macroscopic interfacial healing behaviour in a series of urea-urethane networks as function of the hydrogen
bonds and disulphides content is presented. The polymers were prepared with diﬀerent crosslinking densities but
with the same amount of dynamic covalent bonds (disulphide linkages). Tensile and fracture measurements were
adopted to evaluate the degree of recovery of the mechanical properties after damage. Healing kinetics and
healing eﬃciencies were quantitatively determined as a function of network composition, healing temperature
and contact time. Finally, the recovery of mechanical properties was correlated with the viscoelastic response of
the networks through rheological measurements and time-temperature superposition principle (TTS). The ap-
plication of the TTS approach on both fracture healing and DMTA and subsequent mathematical descriptive
model led to a better understanding of the inﬂuence of polymer architecture and that of the amount of reversible
groups on the healing process.
1. Introduction
Intrinsic healing polymers have gained an increasing amount of
attention in the last years due to their appealing ability to, autono-
mously or on-demand, repair (multiple times) mechanical damage, such
as surface scratches and through-the-thickness cracks. A great challenge
in the development of these new materials is to achieve a combination
of a reasonable healing capability (i.e. more or less complete recovery
of the base mechanical properties after a modest healing time in the
range of 1–24 h at or close to the intended use temperature) and me-
chanical properties comparable to those of conventional non-self-
healing polymer grades of the same polymer family. Signiﬁcant eﬀorts
have been made by the polymer community to conceive and synthesize
new polymeric materials with a high healing capability based on re-
versible non-covalent interactions or reversible covalent bonds [1–4].
Polymers based on reversible supramolecular interactions (e.g. multiple
hydrogen bonding [5,6], van der Waals interactions by side branches
[7] or metal-ligand coordination [8]) can show excellent healing at
(near) room temperature and can have mechanical properties similar to
those of conventional polymers when measured under short-term quasi-
static loading conditions. However, due to the dynamic nature of the
reversible bonds, these self-healing polymers have a signiﬁcant tem-
perature-dependent behaviour and a poor long-term mechanical stabi-
lity. On the other hand, polymeric networks based on dynamic covalent
bonds (e.g. polysulphide [9–11], acylhydrazone bonds [12], boronic
ester bonds [13] or Diels-Alder reaction [14]) potentially oﬀer higher
and more stable mechanical properties over a wider temperature range
as a result of the higher stability of the reversible bond moiety. The
unavoidable down side of this it that these polymers have a lower
healing capacity at room temperature. A combination of both strategies
might be a good approach to obtain better healing polymers with im-
proved mechanical properties.
Already in 1963, Tobolsky demonstrated the signiﬁcant eﬀect of
reversible polysulphide crosslinks on the viscoelastic behaviour of dif-
ferent polymers such polyethylene tetrasulphide [15] and urethane
elastomers [16]. The unusual stress-relaxation behaviour of such
polymers was attributed to a dynamic polysulphide bond interchange
mechanism. Recently, diﬀerent polysulphide based polymers exhibiting
decent mechanical properties as well as an eﬃcient healing perfor-
mance have been developed [17]. Various triggering agents such as
temperature [10,11,18], redox reactions [19] or UV-irradiation [20]
can be used to induce selective scission of polysulphide bonds. The
reshuﬄing rate of polysulphide can be accelerated by catalysts [21,22]
and its temperature reduced when the appropriate monomers are se-
lected as recently shown with aromatic disulphide based poly(urea-
urethane) system (PUU) healing at room temperature in the absence of
a speciﬁc catalyst [23]. This crosslinked PUU system containing dis-
ulphide bridges connected to aromatic groups can be reprocessed after
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